Determination And Management Of The Hazardous Wastes In Foundries by Karabaş, Nihal
 ISTANBUL TECHNICAL UNIVERSITY  INSTITUTE OF SCIENCE AND TECHNOLOGY 
 
 
 
 
 DETERMINATION AND MANAGEMENT OF THE  
HAZARDOUS WASTES IN FOUNDRIES 
 
 
 
 
 
 M.Sc. Thesis  by 
Nihal KARABAŞ, Env. Eng. 
 
 
 
 
 
 
Department : Enviromental Engineering 
Programme: Environmental Sciences And 
Engineering 
 
JANUARY 2005 
 ISTANBUL TECHNICAL UNIVERSITY  INSTITUTE OF SCIENCE AND TECHNOLOGY 
 
 
 
 
 
 DETERMINATION AND MANAGEMENT OF THE  HAZARDOUS WASTES IN FOUNDRIES 
 
 
 
 
 
M.Sc. Thesis  by 
Nihal KARABAŞ, Env.Eng. 
(501021517) 
 
 
 
Date of submission : 27 December 2004 
Date of defence examination  : 25 January 2005 
 
 
 
 
 
Supervisor (Chairman) : Prof. Dr. İlhan TALINLI 
Members of the Examining Committee : Doc. Dr. Kadir ALP (ITU.) 
Prof. Dr. Turgut Tüzün ONAY(BU.) 
 
 
 
 JANUARY 2005 
  
PREFACE 
I want to give my heartfelt thanks to my supervisor, Professor İlhan TALINLI, for 
his heuristic supervision, steady support, positive encouragement and valuable 
comments in the course of the thesis. I am greatfull to Research Assistant Egemen 
Aydın for his kind help in many respects, suggestion and discussions in the resource 
work. 
Finally, I wish to take this opportunity to express my gratitude to my parents. In 
order to create a good opportunity for me to receive higher education, they have been 
shouldering a great burden since my childhood. 
27/12/2004                  Nihal KARABAŞ 
  
 
 
 
 ii
 INDEX 
TABLE LIST  v 
FIGURE LIST  vı 
SYMBOL LIST vıı 
SUMMARY ıx 
ÖZET x 
1. INTRODUCTION 1 
1.1. Scope and Aim of the Thesis 1 
2. HAZARDOUS WASTE 2 
2.1. Hazardous Waste Definition  2 
2.2. Classification 3 
2.2.1 Ignitability 3 
2.2.2 Corrosivity 4 
2.2.3 Reactivity 4 
2.2.4 Toxicity 4 
2.2.5 LC50 5 
2.3. Building up Criteria to Define Hazardous Waste  5 
2.3.1 Composition 5 
2.3.2 Physical Form 6 
2.3.3 Quantity 6 
2.3.4 Acute Hazard 7 
2.3.5 Long-Term Hazard 7 
2.4. Exclusive List Of Hazardous Wastes 7 
2.5. Inclusive List Of Hazardous Wastes 8 
2.6. Management Strategies For Identification 8 
2.7. Collection And Transport 9 
2.8. Management, Treatment And Disposal 10 
2.8.1 Physical Treatment 10 
2.8.2 Chemical Treatment 10 
2.8.3 Biological Treatment 10 
2.8.4 Disposal 11 
2.9. A Ratıng System For Determınatıon Of Hazardous Wastes 11 
2.9.1 Rating System 11 
2.9.2 Scaling of Rating System 20 
2.9.3 Computer Program of Rating System 21 
3. FOUNDRY INDUSTRY 22 
3.1. General Information About The Factory 22 
3.2. General Information About the Production Processes 22 
3.2.1 Mould of Sand Preparing Process 24 
3.2.2 Core Preparing Process 24 
3.2.3 Melted Metal Preparing Process 26 
3.2.4 Casting Processes 26 
 iii
3.2.5 Colouring Process 27 
3.2.6 Galvanising Process 27 
3.3. Definition of Waste, Based on Process 27 
3.3.1 Wastes Based on Mould of Sand Preparing Process 27 
3.3.2 Wastes Based on Core Preparing Process   28 
3.3.3 Wastes Based on Melted Metal Preparing Process 29 
3.3.4 Wastes Based on Casting Process 29 
3.3.5 Wastes Based on Colouring Process 29 
3.3.6 Wastes Based on Galvanising Process 30 
3.4. Determination Of Wastes Arises From Foundation 30 
3.4.1 Hazardous Waste Determination and Management Mechanisms 30 
3.4.2 Hazardous Waste Determination 31 
3.4.3 Hazardous Waste Management 32 
3.4.4 Hazardous Waste Determination Under the Regulation 32 
3.5 Approach for Hazardous Waste Determination 34 
3.5.1 Experimental Approach 34 
3.5.2 Experimental Approach Basis of the Hazardous Wastes Control Regulation 34 
3.5.3 Regulation and Listing Approach  38 
3.6. Assessment 39 
3.6.1 Assessment for Purposes of Hazardous Wastes Control Regulation 39 
3.6.2 Assessment For Purposes Of Hazardous Wastes Overall Rating Value   
Determination System 42 
  
4. RESULTS AND DISCUSSION 48 
REFERENCES 53 
AUTOBIOGRAPHY 56 
 
 
 iv
TABLE LIST 
 Page No 
Table 2.1 Rating Values for Decision Factor................................................... 14 
Table 2.2 Rating Values for Hazardous Waste Lists........................................ 15 
Table 2.3 Rating Values for Components of Ecological Effects…………….. 16 
Table 2.4 Rating Values for Combined Potential Risks……………………... 18 
Table 2.5 Evaluation of Persistency Values…………………………………. 19 
Table 2.6 Rating Values for Physical Form…………………………………. 19 
Table 2.7 Rating values for Quantity ……………………………………….. 19 
Table 3.1 Type of Production and Capacities.................................................. 22 
Table 3.2 Inputs and Each Circle Amounts...................................................... 24 
Table 3.3  Inputs of hot box core....................................................................... 25 
Table 3.4  Inputs of shell box core.................................................................... 25 
Table 3.5  Planned Inputs of cold box core....................................................... 26 
Table 3.6  Wastes Composition Based on Core Preparing Process.................. 28 
Table 3.7  Definition, Determination and Fractions of Sampled Wastes.......... 36 
Table 3.8 Results of the analysis made to Annex 11a and comparision.......... 37 
Table 3.9  Toxicity Test (EPT) Results............................................................. 38 
Table 3.10 Values of each parameter of the “K+M+C”..................................... 43 
Table 3.11 Values of each parameter of the Paint Bath Bottom Residues......... 44 
Table 3.12 Values of each parameter of the Gal. Bath Bottom Sludge.............. 45 
Table 3.13 Values of each parameter of the Boron Oily Outputs...................... 46 
Table 4.1 Application of the rating system to the waste samples…………… 51 
 
 
 v
FIGURE LIST  
 Page No
Figure 2.1 
Figure 2.2 
Figure 3.1 
Figure 4.1 
 
: Rating system for hazardous waste determination........................ 
: Hourglass scale for hazardous waste determination……………. 
: Process Flow Chart of the Foundry…………………………….. 
: Waste management For Purposes Of Hazardous Wastes ORV… 
  13 
  20 
  23 
  52 
 
 
 
 
 
 
 
 
 
 
 
 
 
 vi
 SYMBOL LIST 
ORV : Overall Rating Value 
Ee : Ecological Effect 
CPR : Combined Potential Risk 
L : Listing Value 
D : Decision Factor 
f : Physical State Factor 
Q : Quantity Rating Value 
TCLP : Toxicity Characteristic Leaching Procedure 
I : Corrected Ignitibility Value 
C : Corrected Corrosivity Value 
R : Corrected Reactivity Value 
T : Corrected Toxicity Value 
i : Dimensionless Ignitibility Value 
c : Dimensionless Corrosivity Value 
r : Dimensionless Reactivity Value 
t : Dimensionless Toxicity Value 
Cr : Dimensionless Carcinogenic Effect Value 
P : Corrected Toxic Risks for Human Health Value 
In : Dimensionless Infectious Characteristics Value 
Pe : Persistency Value 
p : Dimensionless Toxic Risks for Human Health Value 
Bd : Dimensionless The Ability of Degradation Value 
Sl : Dimensionless Solubility Value 
Bac : Dimensionless Bioaccumulation Value 
HW : Hazardous Waste 
EPT : Extraction Procedure Toxicity 
n : Correction Factor Depend on Waste Form 
LC50 : Lethal Concentration to 50% of an Exposed Population of Fishes      
within a Given Time 
Lq : Liquid 
G : Gaseous 
S : Sludge 
SL : Slurry 
SO : Solid 
EP : Extraction Procedure 
TC : Toxic Characteristics 
LD50 : Lethal Dose to 50% of an Exposed Population of Humans within a 
Given Time 
m : Exposure Mode 
I : Inhalation 
OI : Oral Intake 
 vii
IN : Ingestion 
SC : Skin Contact 
NRW : Non-Regular Waste 
TLV : Threshold Limit Value 
TLW : Time Weighted Average 
 
 
 
 
 
 
 
 
 
 
 
 
 
 viii
 DETERMINATION AND MANAGEMENT OF THE  HAZARDOUS 
WASTES IN FOUNDRIES 
ABSTRACT 
Definition, determination and hazard criteria of hazardous wastes originated from 
foundries investigated. Particularly, toxicity criterium the most important criterium in 
solid and sludge form wastes determined with the “Toxicity Characteristics Leaching 
Procedure” referred by regulations and lists. Fish toxicity experiments are applied to 
the whole waste and management alternatives are proposed for three main wastes. 
Although mold preparation process’s wastes are not toxic they are not conventional. 
Dying and galvanizing process’s wastes are determined as hazardous waste. 
Keywords: Foundry, Hazardous Waste, TCLP, Disposal, Waste Management 
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 DÖKÜMHANE ENDÜSTRİSİNDE ZARARLI ATIKLARIN TESPİT VE 
YÖNETİMİ 
ÖZET 
Dökümhane endüstrisinden  kaynaklanan zararlı atıkların tanım, tespit ve tehlike 
kriterleri araştırılmıştır. Özellikle katı ve çamur formundaki atıkların en önemli 
zararlı atık kriteri olan zehirlilik faktörü yönetmelik ve listelerin de gösterdiği ölçüm 
yöntemi olan “sızma yöntemi ile zehirlilik” ile yapılmıştır. Atık bütününe ait 
zehirlilik balık biyo-deneyleri ile saptanmış ve üç temel atık için yönetim 
uzaklaştırma seçenekleri önerilmiştir. Kalıp kumu hazırlama prosesi atıkları zehirlilik 
göstermemesine karşın konvansiyonel bir atık da değildir. Boya ve galvaniz prosesi 
atıkları zararlı atık olarak tespit edilmiştir. 
Anahtar Kelimeler: Dökümhane, Zararlı Atık, Zehirlilik Sızma Testi, Uzaklaştırma, 
Atık Yönetimi 
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1. INTRODUCTION 
1.1 Scope and Aim of The Thesis 
The target of this thesis is to make hazardous waste determination and find suitable 
management strategies for the wastes, originated from foundry in solid and sludge 
forms. In this concept; a resource in “iron and scrap of iron melting processes, 
moulding process, core preparing process, production process of pipe and connection 
materials” of a foundry have been done. From these processes 14 different wastes 
have been determined and they have been examined with different regulations and 
standards. According to their hazard criteria's and compositions, optimum treatment 
or disposal techniques have suggested. 
In the management of industrial hazardous wastes; identification, determination, 
listing and treatment-storage-disposal processes are the most essential steps. In this 
concept of management strategy, measurement data and legal limits must be used. 
Hazard criteria’s such as “toxicity, corrosivity, Ignitability and reactivity” are very 
important for sludge and solid wastes. For this kind of wastes, experimental analysis 
is done to make comparison with standards of these hazard criterias. Toxicity 
concentration leaching procedure (TCLP), extraction procedure (EPT) and 
DIN38414-S4 leaking tests are used for this kind of wastes. 
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 2. HAZARDOUS WASTE 
2.1 Hazardous Waste Definition 
“Hazardous Waste” is a/any specialized and listed waste; which has, acute or chronic 
hazard potential described as; “Flammable”, ”Toxic”, “Corrosive” “Reactive” 
criteria. 
Which should be managed with all together with the “social, political and 
economical” aspects of the eco-system instead of conventional treatment and 
disposal techniques because of its  
 Composition,  
 Constituents,  
 Physical form,  
 Fate and Transport in the Environment. 
Which may be in forms of;  
 Solid,  
 Liquid,  
 Slurry, 
 Sludge and  
 Pressurized Gas 
Which may be a/any hazardous substance that has been discarded or otherwise 
designated as a waste material, or one that may become hazardous by interaction 
with other substances  
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Hazardous wastes, the main drawbacks of industrialized world, are still keeping their 
importance because of their potential hazard to human health and environment, when 
improperly “treated, stored, transported and/or disposed.”  
The unique solution for that kind of wastes is to manage and control them from the 
point of generation to ultimate disposal.  
The legislators of each country should create regulations enforcing the safe 
management of the hazardous waste.  
These regulations should appoint the hazardous waste generator as a legal entity who 
must ensure that the waste is managed in accordance with its regulatory standards . 
But a generator who will comply a regulatory program demands a far more precise 
definition of the term “hazardous waste”. 
In most of the countries, the board responsible from the hazardous waste 
management defines the hazardous waste by using two different mechanisms (1) by 
listing (2) by identifying characteristics and these definitions are commonly based on 
the Subtitle C of Resource Conservation and Recovery Act (RCRA) which is the 
most extensive study done about hazardous waste management.  
2.2 Classification 
Classification with Respect to Characteristics 
Solid waste has to be examined whether it exhibits a characteristic that makes it 
hazardous. All persons who generate a solid waste have to ascertain whether their 
wastes exhibit one or more of the characteristics as follows: “Ignitability, 
Corrosivity, Reactivity, Toxicity” (Hall and others 1993, UNEP 1983, EPA 1990a).  
2.2.1 Ignitability 
The hazardous waste characteristic of ignitability was established to identify solid 
wastes capable during routine handling of causing a fire, or provoking a fire once 
started. A solid waste is deemed to exhibit the characteristics of ignitability if meets 
one of the four descriptions. It is determined using the test method specified in 
ASTM Standard D-93-79 or ASTM Standard D-3278 (EP A 1990a, DEPE 1992, 
Meyer 1989).  
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2.2.2 Corrosivity 
Corrosive substances may exhibit extremes of acidity or basicity or a tendency to 
corrode steel. Wastes capable of corroding metal could escape their own containers 
and liberate other wastes.  
In addition, wastes with a pH at either the high or low end of the scale can harm 
human tissue and aquatic life and may react dangerously with other wastes. It is 
determined using the test method specified in EPA 600/ 4- 79-020.  
2.2.3 Reactivity 
Reactive substances are those, which are extremely unstable and have a tendency to 
undergo violent chemical change or explode during stages of its management.  
The regulation lists have several situations where this may happen which guarantee 
specific consideration like the behavior of the substance when mixed with water, 
when heated etc. Instead of developing a precise scientific description of this 
characteristic, EPA has publicized a descriptive, prose definition as a suitable test 
protocols for measuring reactivity are unavailable (EPA 1990a, 1990b, Meyer 1989).  
2.2.4 Toxicity 
One of the most significant dangers posed by hazardous wastes is the leaching of 
toxic constituents (of land disposed wastes) into the ground water (Christensen 1971, 
EPA 1981).  
EPA designed the (Toxicity Characteristic) TC Toxicity, to identify wastes that pose 
a threat to human health or the environment resulting from ground water 
contamination by simulating the leaching process that occurs in a municipal landfill.  
EPA treats mixtures of a characteristic hazardous waste and a solid waste differently 
than it does a mixture of a listed hazardous and solid waste. Toxicity can be 
determined by fish bioassay tests. Toxicity value defined by LC50.  
 
 
 4
2.2.5 LC50 
The LC50 for a contaminant is the concentration being lethal to 50 per cent of an 
exposed population of test fish with a given time. For estimation of LC50 values, 
various procedures using different test species and experimental conditions. 
The entire volume of a mixed waste is treated as hazardous if; the listed hazardous 
waste in the mixture was not listed separately due to its hazardous characteristics or 
mixture does not consist of certain specified hazardous wastes.  
2.3 Building Up Criteria To Define Hazardous Waste 
Waste can have the potential of being hazardous due to; substances present in the 
waste, their concentration, their chemical reactivity, physical form in which the 
substances are present, quantity and recurrent rate of arising of potentially hazardous 
material, mobility and persistence of the potentially hazardous materials in the 
environment in which they are placed, targets available in that environment and their 
vulnerability to the potentially hazardous materials, possibility of remedial measures 
and their costs. 
The short-term and long-term acute, environmentally hazardous properties of a waste 
are, functions of the chemical species present. In some cases, wastes have well-
defined dangerous properties and are unequivocally hazardous. Such wastes 
generally result from the use of commonly encountered chemical compounds. The 
majority of wastes considered, however are likely to be complex mixtures, which do 
not readily lend themselves to chemical characterization (UNEP 1982, EPA 1990a, 
1990b, Hall and others 1993). 
2.3.1 Composition 
Concerning the composition of the waste, the individual components of a waste 
should be known before a complete assessment of its hazard potential is made.  
This knowledge however is often very difficult and may be impossible in practical 
terms, particularly for solid wastes. To demand, either directly or by implication, that 
all waste be analyzed for all potentially hazardous species is quite impractical 
(UNEP 1982).  
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2.3.2 Physical Form 
Three major categories of wastes based upon their physical forms are; “organic 
materials, aqueous waste and sludge (UNEP 1982).  
These forms largely determine treating and disposing of the wastes. It is relatively 
easy to deal with wastes that are not mixed with other kinds of wastes. The physical 
form of the waste as relevant to a consideration of both potential acute or long-term 
environmental hazards.  
In general, liquid or sludge waste is more liable to cause water pollution problems 
than solid waste. Where an inhalation hazard exists, as with asbestos, fibrous waste is 
inherently more dangerous than matrix-bonded asbestos waste, e.g. asbestos cement. 
Small particle size by itself may confer hazard on a material that is non- hazardous in 
larger pieces; many finely divided metals are acutely hazardous while the massive 
material is harmless.  
Solids formed by cooling from the molten state may often have their potential hazard 
much reduced, e.g. metal slags are often considered non-hazardous despite often 
relatively high concentrations of toxic metals (UNEP 1982). 
2.3.3 Quantity 
The quantity of the waste and its recurrent rate of arising are important. The handling 
and disposal of a few hundred kilograms of a particular waste as and isolated arising 
may demand totally different solution to the disposal of similar material arising on a 
regular basis in quantities, which may be orders of magnitude greater or smaller.  
Some countries have introduced requirements, that a waste, must be present at more 
than a predefined minimum quantity, before it is considered as hazardous. This 
approach is administratively convenient as it reduces the amount of paperwork 
associated with the regulatory process, but has certain dangers (UNEP 1982).  
The potential for environmental damage at a waste disposal site is c1early related not 
only to the concentration of the substance released, also related to the total quantity 
released at a given time (Kolaczkowski and Crittenden 1987, Exner 1 989). 
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2.3.4 Acute Hazard 
The acute hazard posed by the waste, may be expressed in terms of oral, inhalation or 
dermal toxicity, flashpoint, explosivity, concentration of known corrosive species, 
etc. Physical characteristics, such as vapor pressure and boiling point, can be 
important as well.  
To avoid dangerous interactions with co-deposited materials, highly reactive 
materials, e.g. powerful oxidants, should also be considered. However, unless 
toxicity tests are performed on the waste itself, acute hazards posed by the waste can 
only be predicted by the hazards of its components. 
2.3.5 Long-Term Hazard 
The long-term hazard posed by the waste will depend upon the chosen disposal 
route. For example, such properties as volatility, water solubility and solubility in 
organic chemicals will influence the mobility of wastes deposited in landfill. The 
persistence of a particular material will depend upon its vulnerability to various 
natural breakdown mechanisms like microbiological, photochemical, 
oxidation/reduction, etc. The toxicity of a deposited material and its metabolites and 
organoleptic factors, such as taste and smell, are relevant. 
2.4 Exclusive List Of Hazardous Wastes 
One alternative approach to the problem of adequately defining is what constitutes a 
hazardous Waste is to draw up a list of known wastes, which present no significant 
short-term handling or long-term environmental hazards, and to define hazardous 
waste by exclusion, as any wastes not listed. 
While one advantage of the exclusive list approach is, that it is relatively simple to 
ensure that, the listed materials are not hazardous, materials not listed and, 
marginally so. In addition, when reliance is placed upon qualitative, subjective 
criteria, different interpretations will inevitably possible. Thus, waste producers, 
waste disposers and regulatory authorities are denied the certainty they need. 
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2.5 Inclusive List Of Hazardous Wastes 
More widely employed for regulatory purposes are listings of hazardous waste, either 
with or without accompanying criteria. This approach is currently used in Belgium, 
Denmark, France, the Federal Republic of Germany, the Netherlands, Sweden, 
United Kingdom and the United States.   
The lists comprise wastes from certain industries, wastes containing specific 
components or specific waste streams identified by the processes from which they 
originate. The United States also uses this approach but combines it with prescribed 
test procedures, such that hazardous wastes are so defined by their presence in a list 
of waste materials or providing certain results when subjected to the test protocol (EP 
A 1980, EP A 1990a, 1990b, Hall and others 1993). 
The inclusive list offers a greater degree of certainty but suffers from the 
disadvantage that exclusions may be well significantly hazardous. The greater the 
degree of specificity, the more, the list approaches catalogue proportions (UNEP 
1983). 
2.6 Management Strategies For Identification 
Management strategies also play an important role in defining a hazardous waste. 
These steps may include; the source of the waste, generators, waste transport, waste 
storage, appropriate treatment technologies and final disposal.  
Once a waste is identified as hazardous, quantities must be tracked. In order to 
identify whether a solid waste is hazardous or not, generator should have to refer to 
lists or various tests. Effective identification and labeling by the generators are 
essential for control. Mismanagement of Hazardous Waste leads to a 'cradle to grave' 
control system (UNEP 1983). 
This system regulates the hazardous waste from the time it is first generated through 
the transport to final treatment or disposal. Some hazardous wastes require special 
control from the time of generation through their transportation, temporary storage, 
treatment and disposal.  
Hazardous wastes should be identified and disposed in a manner that will most 
effectively protect the environment. The quick and dirty approach is still employed 
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today by putting wastes in open dumps, landfills or in warehouses. Hazardous wastes 
can either be tracked according to the amount that is generated (EPA 1990a, DEPE 
1992, Phifer and McTigue 1989): 
 Small quantity generators,  
 Large quantity generators 
or can be classified according to their sources: 
 Point sources,  
 Diffuse sources. 
Industrial hazardous wastes are a unique problem because they are transportable, and 
pose hazard either in short or long term basis. Thus it will be appropriate to further 
classify the wastes:  
 Industrial hazardous waste generators 
 Non-industrial hazardous waste generators. 
Standard Industrial Classification (SIC) codes have been employed to identify groups 
of hazardous waste generators. The office of Management and Budget Manual 
establishes these codes.  
However in some cases they were found to be inadequate. The manual and codes do 
not identify individual facilities or potential generators. They are often not 
descriptive or inclusive as is necessary for a complete hazardous waste survey. 
2.7 Collection And Transport 
These play an important role particularly in terms of disposal cycle and in control. 
Most incidents of improper disposal of hazardous waste have occurred during 
transport and may result from disposal contracts between the waste generator and 
hauler rather than between the waste generator and disposer. Thus, any reduction of 
cost for disposal (e.g. by means of improper dumping) will increase the profit of 
waste haulage firm.  
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2.8 Management, Treatment And Disposal  
 Waste Reduction 
 Waste sorting and Recycling 
 Waste transfer and Transboundry movement 
 Energy and Material recovery 
 Thermal Processing/ Waste Incineration 
 Ultimate Disposal 
2.8.1 Physical Treatment 
Lagooning and tank storage are widely used to separate oil and water from mixed 
wastes. Solidification fixation processes are generally used as pre-treatment prior to 
landfill disposal. Air flotation and various filtration and centrifugation techniques. 
2.8.2 Chemical Treatment 
 Cyanide Oxidation 
 Heavy Metal Precipitation 
 Hexavalent Chromium Reduction 
 Acid neutralization 
2.8.3 Biological Treatment 
 The in-plant biological treatment of dilute aqueous effluents is well established, 
and microorganisms have been developed to selectively degrade specific toxic 
chemicals. 
 Composting may also be useful for certain organic chemical products. 
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2.8.4 Disposal 
 Landfill 
 Incineration 
 Dumping at sea 
 Underground disposal 
 Deep-well disposal   
2.9 A Rating System For Determination Of Hazardous Wastes 
Although hazardous waste lists and their classification methodologies are nearly the 
same in most of the countries, there are some gaps and subjectiveness in determining 
the waste as hazardous waste. A rating system for the determination of waste as a 
hazardous waste is presented in this study, which aims to overcome the problems, 
resulted from the existing methodologies. Overall Rating Value (ORV) calculates 
and quantifies the waste as regular, non-regular or hazardous waste in an “hourglass” 
scale. “ORV” as a cumulative-linear formulation in proposed model consists of 
components such as ecological effects of the waste (Ee) in terms of four main hazard 
criteria: ignitability, reactivity, corrosivity, and toxicity; combined potential risk 
(CPR) including carcinogenic effect, toxic, infectious, and persistence 
characteristics; existing lists and their methodology (L); and decision factor (D) to 
separate regular and non-regular waste. Physical form (f) and quantity (Q) of the 
waste are considered as factors of these components. The major benefit of the 
presented rating system is to ease the works of decision makers in managing the 
wastes. 
2.9.1 Rating System 
Conceptual framework of proposed quantitative system in order to determine the 
waste as hazardous waste is shown in Fig. 2.1. Mainly, two components take place in 
this approach: (1) hazard criteria of the hazardous waste in terms of ecological 
effects, (2) their combined potential risk.  
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To formulate the rating system, following assumptions are postulated; 
1. When the discarded material is defined as a waste, it should be classified if the 
waste is conventional waste such as wastewater, municipal solid waste, air emission, 
or not. The term “non-regular waste” has been considered as intermediate waste, 
which is obviously not conventional but probably hazardous. The waste must be 
determined as hazardous or non-hazardous if it is identified as non-regular waste.  
2. In Equation 2.1; the component “D” represents the boundary of the non-regular 
waste in the scale. Hospital and radioactive wastes are neglected in this inquiry. 
Because, they have their own control regulations and these wastes have already been 
identified as non-regular wastes. 
3. Listing methodology of the hazardous waste and their lists published in different 
countries cannot be neglected. Thus the component “L” is added in formulations. 
4. Ecological effects (Ee) include primarily impacts of waste regarding with its 
hazard characteristics such as toxicity, ignitability, corrosivity and reactivity. 
Physical form of the waste is another factor that affects the hazard characteristics. 
5. Accumulative and synergistic effects and uncertain potential risks are included in 
combined potential risk (CPR) parameter. Components of this parameter are human 
health toxicity, carcinogenetic effects, infectious risks, and persistency associated 
with biodegradability, solubility, and bioaccumulation. Physical forms of the waste 
and exposure mode are also taken into account during the evaluation of these risks. 
6. Four critical components (D, L, Ee, and CPR) are considered as cumulative 
functions of “Overall Rating Value” (ORV). Because, higher values of D, L, Ee, and 
CPR must increase the ORV. Obviously, the amount of the waste (Q) is a basic 
component in this rating system, so it should be a multiplier of the other components.  
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NO 
YES
Discarded Material 
Reuse 
Recycle 
Recover NO 
Can it be reused, 
recovered and/or 
recycled?
Waste 
Assess
CPR 
YES
Hazardous Waste 
Determination 
NO 
Is it defined in your 
wastewater, municipal solid 
waste and/or air pollution 
NO 
YES
YES
NO 
Check 
H.W.  
Lists
Has it  hazard 
criteria? 
YES
Non-Regular 
Waste
Regular 
Waste
Hazardous 
Waste 
 
Figure 2.1 Rating system for hazardous waste determination (Talınlı İ. and others…) 
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The formula of the rating system is shown in Equation 2.1, which is composed of a 
cumulative-linear function coupled with 8-sub equation. The values for each 
parameter in the equations are obtained from ranking tables for each parameter. 
Mathematical formulations are given below, and the notations are listed in Symbol 
List. 
ORV = D+L+[Ee +(CPR) x f] x Q                                                             (2.1) 
Ee = I + C+ R + T                                                 (2.2) 
I=in                                   (2.3) 
C=cn                                        (2.4) 
R=rn                         (2.5) 
T=tn                                             (2.6) 
CPR = Cr + P + In + Pe                                                                                              (2.7) 
P= pm                                   (2.8) 
Pe = (Bd )Sl x ( Bac )-1                                                                                            (2.9) 
The formula quantifies the hazard characteristics, which makes the identification of 
the waste as a hazardous waste easy and understandable. Calculated ORVs from Eq. 
(2.1) are matched with range of the “hourglass” scale to point whether the waste is 
regular, non-regular or hazardous waste. D is the decision factor that differentiates 
the defined regular waste from the undefined wastes. The rating values for decision 
factor are listed in Table 1.   
Table 2.1 Rating Values for Decision Factor 
Regulatory definition of the waste D 
Undefined waste in certain regulations  50 
Defined waste in certain regulations 0 
L defines list value of the rating system. Knowing the source and composition of the 
waste is important aspect in determining the hazard characteristics of a waste. 
USEPA’s lists depend on both hazardous waste from specific source or non-specific 
source and discarded commercial chemical products. Although, these lists do not 
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consider the amount of the waste, they are taken as a base for rating values, which 
are listed in Table 2.2.  
Table 2.2 Rating Values for Hazardous Waste Lists 
List Type1 List Code1 L 
HW from specific sources  K 100 
HW from Non-Specific sources  F 75 
Discarded commercial chemical products2  P, U 50 
Not listed - 0 
1Evaluation is based on the EPA’s Hazardous Waste Lists. 
2 Forth chemicals deemed toxic (U), therefore hazardous and forth waste identified as 
acutely hazardous (P). 
Equation 2.2 expresses the Ee in terms of ignitability (I), corrosivity (C), reactivity 
(R), and toxicity (T). All these terms have different unity, which restricts their usage 
in the same formula. So, all terms are graded in rating value tables in order to have 
dimensionless values. “I” is the corrected ignitability value obtained from Equation 
(2.3) where the dimensionless ignitability value of the rating system is denoted as 
“i”. Flash point, which is used for grading “i” values, is determined using the test 
method specified in ASTM Standard D-93- 79 or ASTM Standard D-3278 [USEPA, 
NRWA, Washington, DC, 1990, pp. 22, HW Regulation Program N.J., 1992, E. 
Meyer, Prentice-Hall N.J. 1989 pp. 509.]. “C” is the corrected corrosivity value 
obtained from Equation (2.4) where the dimensionless corrosivity value of the rating 
system is denoted as “c”. The test method specified in EPA A600/4-79-020 is used to 
determine corrosivity value (mm/yr). Reactive substances, which are extremely 
unstable, and have a tendency to undergo violent chemical change or explode during 
stages of its management is available from descriptive, prose definition, which EPA 
has publicized.  
 
 
 
 15
Table 2.3 Rating Values for Components of Ecological Effects 
I C R T 
Flash 
point1 (C0) 
I 
Corrosivity2 
(mm/yr) 
c Reactivity3 r 
LC504 
(mg/l) 
t 
Form of the 
waste 
(n) 
<60 40 
Unstable-readily 
reactive 
40 <0.1 40 G 1.4 
60-90 30 Reacts with water 30 0.1-10 30 Lq 1.3 
90-120 20 
>6.35 
or 
pH<2 and 
pH>12.5 
40 
Generates cyanide 
and sulphur gas at 
pH=2.0, pH=12.5 
20 10-100 20 S, SL 1.2 
120-200 10 Explodes with  water 10
100-
1000 
10 
>200 0 
<6.35 
or 
2<pH<12.5 
0 
Non-reactive 0 >1000 0 
SO 1.1 
1 Specified by using the test method defined in ASTM standard D-3278 
2 Abrasion characteristics at 550 C specified by using the test specified in NACE 
(National Association of Corrosion Engineers) Standard TM-O1-69. 
3 There is no suitable test protocol for measuring reactivity. 
4 Extraction procedure (EP), toxicity characteristics (TC) and toxicity characteristic 
for leaching procedure (TCLP) methods described by EPA. [M.R. Hall, and others, 
1993] 
Lq: Liquid, G: Gas, S: Sludge, SL: Slurry, SO: Solid 
However, a suitable test protocol is unavailable [USEPA, NRWA, Washington, DC, 
1990, pp. 22, E. Meyer, Prentice-Hall N.J. 1989 pp. 509, EPA/530-SW-90-036, 
Washington, DC, 1990]. Referring to this definition, reactivity is quantified in 
Equation 2.5 where “r” is the dimensionless reactivity value of the rating system. It is 
necessary to include toxicity since the leaching of the toxic constituents (of land 
disposed wastes) into the groundwater is one of the most significant dangers posed 
by hazardous wastes [H.E. Christensen, DHEW (HSM) 72-10260, 1971, USEPA-
600/2-82-001, Washington, DC, 1981]. Therefore, leaching procedures such as 
TCLP (Toxicity Characteristic Leaching Procedure) and EPT (Extraction Procedure 
Toxicity) can be used for hazardous waste in solid and sludge form to obtain 
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mobility of the organic and inorganic compounds [M.R. Hall, and others, 1993]. 
Equation 2.6 determines the corrected toxicity value “T” where “t” is the 
dimensionless toxicity value of the rating system. LC50 value obtained from bioassay 
test is used to grade the toxicity in the rating system. The physical form correction 
factor “n” reflects the effect of the form of the waste on the intensity of the hazard 
criteria. The rating values of components of ecological effect, which also prevent 
unit variability, are shown in Table 2.3 
CPR is formulated as a function of toxicity risks for human health “P”, carcinogenic 
effect “Cr”, infectious characteristics “In”, and persistency “Pe”, in Eq (2.7).  
The quantification of the toxic risk to human is almost similar to the quantification of 
the environmental risk (LC50), and is given by LD50, which is the lethal dose to 50 
percent of an exposed population of humans within a given time [OECD, Control 
Policies for Specific Pollutants, France, 1982, pp.246]. LD50 for quantifying the toxic 
characteristics P are tabulated in Table 2.4 It is important to notice that only an 
individual material shall be considered in the combined potential risk if its existence 
in the waste is acknowledged. The constant “m” defines the effect of exposure mode 
on the intensity of the toxic characteristics. Main three exposure modes are 
considered as inhalation, oral intake and skin contact. The risks they pose can be 
graded respectively. 
The carcinogenety of the hazardous waste cannot be quantified. The classification for 
the existence is based on the predicted occurrence of cancer, for instance in one 
person from hundred thousand (10-5) [E. Meyer, Prentice-Hall N.J. 1989 pp. 509, 
EPA/530-SW-90-036, OECD, Control Policies for Specific Pollutants, France, 1982, 
pp.246]. Values used in the rating system for Cr according to this classification are 
given in Table 2.4   
The infectious characteristics of a hazardous waste depend on the criteria of being 
contaminated with relatively high fractions of disease causing material. The 
infectious risk has to be foreordained with the sources of waste. Infecting property 
does not have a unity. Dimensionless infectious risk value of the rating system, “In”, 
is involved in rating system and listed in Table 2.4  
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Table 2.4 Rating Values for Combined Potential Risks Eq (2.7) 
P1 Cr2 In3 Pe4
LD50 
(mg/kg) 
P Exposure* m Risk level Cr 
0.1 40 1/105 100 
0.1-10 30 
I 1.3 
1/106 10 
10-100 20 1/107 1 
Infectious 
characteristics 
except hospital 
waste 
10 
100-1000 10 
OI, IN 1.2 
>1000 0 SC 1.1 
Non 
carcinogenic 
0 Non infectious 0 
Persistency is a function of 
bioaccumulation, 
biodegradation and solubility 
of materials for CPR. 
Eq (2.9), Table (2.5) 
*Exposure modes: I: Inhalation, OI:Oral Intake, IN: Ingestion, SC: Skin contact 
1 Health based risk specific doses for acutely toxic constituents. 
2 Risk specific levels for carcinogenic constituents as chronic toxicity reference 
levels. 
3 Animal carcass, animal feces, used sanitary pads, biotic chemical by products 
4 Bioaccumulation cannot be established experimentally, it may be predicted by its 
physicochemical properties and stability. Depend on the characteristics of individual 
substance and situation; biodegradability may be given as percent of its degradation. 
[OECD, Control Policies for Specific Pollutants, France, 1982, pp.246] 
Persistency in Equation 2.9 is formulated as a function of biodegradability, 
bioaccumulation, and the solubility characteristics of the waste. The ability of the 
degradation, “Bd”, of a chemical material within the environment or living cell is 
generally directly proportional to the solubility. This effect is reflected in Equation 
2.9 where the solubility value “Sl” is the exponential expression. A non-
biodegradable material adversely affects the human health when it reaches to human 
body by the food chain or water. The living organisms in water can only degrade 
soluble materials; otherwise, the prevailing case will be the accumulation of 
substances. Quantification of bioaccumulation is not possible [OECD, Control 
Policies for Specific Pollutants, France, 1982, pp.246]. Depending on descriptive 
classification of bioaccumulation characteristic of a matter, dimensionless 
bioaccumulation value of the rating system Bac, Bd and Sl values are also given in 
Table 2.5 
 18
Table 2.5 Evaluation of Persistency Values Eq(2.9) 
Sl Bd Bac 
Solubility g/100ml Sl Biodegradability % Bd Nature Bac 
Very Soluble >50 0.5 Readily >90% 1 
Soluble 5-10 0.5 Moderately 70 %- 90 3 
Non 
bioaccumulative 1 
Slightly soluble <5 1 Slightly >50% 5 
Insoluble - 1 
Miscible in all 
proportions - 1.5 
Non-
biodegradable <10 % 10 
Bioaccumulative 2 
The physical form of the waste should be a function for the evaluation of the CPR 
because the fate of the waste in the environment is directly relevant to its physical 
form. For instance, different risk assessments should be made for a waste which is in 
solid or gas form. The physical state factor “f” is determined and placed in equation 
2.1 with the rating values summarized in Table 2.6 
Table 2.6 Rating Values for Physical Form 
Physical Form F 
Gas 1.4 
Liquid 1.3 
Sludge-Slurry 1.2 
Solid 1.1 
Although different quantities of different wastes may have different effects, the 
effects must get higher values as the quantity of the same wastes increases. For this 
reason, the quantity of the waste (Q) is the multiplier of effects (Ee and CPR). 
Selecting the value of “Q” from Table 2.7 is the last step in finding ORV from 
Equation 2.1 
Table 2.7 Rating values for Quantity 
Quantity (kg/month) Q 
>10000 1.4 
10000-5000 1.3 
5000-1000 1.2 
<1000 1.1 
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2.9.2 Scaling of Rating System 
Projection of the ORVs, which are obtained from the model equations for hazardous 
waste determination, is considered with an “hourglass” scale that shown in Figure 
2.2 
  
  
 
 
Hazardous Waste 
Non-regular Waste
0
50 
Regular Waste
∞ 
     ∞ 
Figure 2.2 Hourglass scale for hazardous waste determination 
While the upper side of the hourglass represents the regular wastes, lower part 
represents both non-regular and hazardous wastes. Bottleneck points the zero level, 
which separates regular waste from non-regular waste. 50-point level, which is upper 
limit for non-regular wastes, is minimum value for hazardous wastes. These levels 
are interpolated by using minimum and maximum values of components in Equation 
2.1. The waste which has an ORV between 0 and 50 is defined as non-regular waste. 
In this situation, the waste is neither hazardous nor regular. Besides hazardous waste 
lists are prepared associated with this non-regular waste definition in the regulations. 
Every additional value such as “L”, “Ee”, and “CPR” to this level makes the wastes 
“hazardous waste”.  
The “ORV” and “hourglass” scale is a simple solution of a problem resulting form 
the definition and determination of the waste as hazardous waste. This rating system 
is not only designed to determine the type of the waste but also helps to prepare 
listing procedure and to decide on management alternatives. For instance, if there is a 
high “Ee” value caused by toxicity the waste should be detoxified as a management 
strategy, at first and then it can be disposed. Similarly, incineration should be the first 
management alternative for an ignitable waste that has a low flash point.  
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“CPR” depends on estimation of the long-term effects. For this reason, this value 
may be helpful in deciding the risk minimization methodologies for waste 
generators. Also, “CPR” value is basically used for the determination of the waste as 
a hazardous waste.  
The proposed rating system is open to modifications, which eliminates the subjective 
procedures used in law and regulations. 
2.9.3 Computer Program of Rating System 
With C programming language, a computer program is constituted, to make 
determination of hazardous waste by using rating system, more easily and 
practically. Data’s of the program are obtained from the model equations, ranking 
tables for each parameter for hazardous waste determination. This program asks each 
data value to the waste generators by monitoring ranking tables of the parameters. In 
the last step of the program; Ee value, CPR value and ORV value of the waste is 
monitoring. Program is given in a floppy disk attached to thesis. 
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 3. FOUNDRY INDUSTRY 
3.1 General Information About The Factory 
Trakya Casting Ind. And Trade A.Ş. is facilities at Büyükkarıştıran /Lüleburgaz with 
30.000 closed area and 200.000 total area. The Factory produces cast iron materials, 
sphero casting materials, temper casting materials. It has planned to produce 22.500-
tone automotive material per year, which have capacity to increase this number to 
52.500 tone/year. But as the increase of production capacity, this number has reached 
to the 30.000 ton/year in 1997. The production was 28.228 tone/year in 2002. Type 
of the production with their capacities are given in table 3.1 
Table 3.1 Type of Production and Capacities 
Production Current Capacity (tone/year) 
Fittings 4096 
cast iron materials 21260 
sphero casting materials 2079 
temper casting materials 793 
Plant works 300 day in a year with 3 relays/day. The numbers of the employees are 
450 in total.  
3.2. General Information About the Production Processes 
Casting material is prepared with process products of 3 by-production lines. These 3 
main preparation processes for the casting process are given below. 
1. Sand of mould preparing process 
2. Core preparing process 
3. Melted metal preparing process 
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Core Preperation Melted Metal 
Preperation 
Molding Sand 
preperation 
Figure 3.1 Process Flow Chart of the Foundry 
Products from these 3 processes go to the casting process. Casting process products 
then go to the cleaning process and if it is required they go to the coloring or 
galvanising processes. Relative to these explanations 3 main processes follow up 3 
preparing processes are given below. 
1. Casting process 
2. Colouring process 
3. Galvanising process 
Mixer 
Winnower 
Molding 
Foundry  
Sand, 
Bentonite, 
Coal Powder 
Mixer 
Core 
Machines 
Sand and 
Additive 
Induction 
Fireplace 
Automatic Casting 
Fireplace 
Scrap and 
Alloy 
Elements 
Mould Cassation, 
Sprue Breaking 
Cleaning 
Stonning HCl Bath 
Rinsing Bath 
Colouring  
Flux 
Zinc Bath 
Leaking Test 
Storehouse Protecting Coat 
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3.2.1 Mould of Sand Preparing Process 
Sand, bentonite, coal powder and water are inputs of this process. In each process 
circle (90 seconds), 1200 kg sand is taken back to the process. In this circumstance, 
the amount of returned sand must be considered as process input as well. In table 3.2, 
process inputs and each circle amounts are given. 
Table 3.2 Inputs and Each Circle Amounts  
Inputs Amounts (kg) Explanation  
Old Sand 1200 Costing process returned sand  
New Sand 12 
New sand that is added in each 
circle (5 no silica) 
Bentonite 12 
Cement for Sand of mount 
(activated sodium bentonite) 
Coal Powder 3 At coasting surface 
Water  Enough for aggrega Concrete mixing water 
Raw material of this process are mixed in a mixer after a control. After this mixture 
breaks into pieces in a Impellers, it is taken to the moulding and moulds are 
forwarded to the foundry. 
3.2.2 Core Preparing Process 
The aim of core preparing is to create a empty volume for mould forming which is 
necessary to design the products that their moulds will have done. In this process, 
core preparing is produced with 3 different methods. These are; 
A. Hot Box Core 
B. Shell Core 
C. Cold Box Core 
Because of their different inputs, the methods are different from each other. But their 
process survey’s are the same. Raw material is mixed with a mixer after passing 
through a control. Then it goes to the machines for core production. In machines, 
mixture is injected to the specific mounds with pressurized air. Then, in hot 
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processes by the way of cooking and in cold processes by the way of passing 
ethlenedimethylamine gas through the core, which is in a mound, core is hardened.  
After passing through a control, core, which gets out of machines, is forwarded to the 
foundry.   
A. Hot Box Core  
Mixer inputs are summarized in Table 3.3 for this core preparation method. 
Table 3.3 Inputs of hot box core  
Input  Amount (tone/year) Explanation 
Sand of Core  2800 3 no silica sand 
Resin for Hot Box Core  69 
Contains Urea-
formaldehyde and furfuryl 
alcohol   
Serter 14 
Catalyst (contains phenol 
and ammonium nitrate) 
Linseed Oil 5 Used for make slippery 
B. Shell Core 
Mixer inputs are summarized in Table 3.4 for this core preparation method. 
Table 3.4 Inputs of Shell Core  
Input  Amount (tone/year) Explanation 
Sand of Core  600 3 no silica sand 
Resin for Shell Core  20 
Flake novalen resin 
(phenolic, melts with 
temperature) 
Hexamine 3,1 Catalyst  
Calcium Stearat  1 Used for make slippery 
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C. Cold Box Core  
This is a new production method. Planned inputs and amounts are summarized in 
Table 3.5. 
Table 3.5 Planned Inputs of cold box core  
Input  
Amount 
(tone/year) 
Explanation 
Sand of Core  1800 3 no silica sand 
Part A Resin for Cold Box Core  15 
Commercial name: Friodur 2040 A. 
Contains naphta,                                        
isophoron, pure phenol and 
formaldehyde.              
Part B Resin for Cold Box Core 15 
Commercial name: Friodur 2040 B. 
Contains diphenylmethanediizocyanate 
isomerous and hydrocarbon.  
Ethlenedimethylamine Gas  10 It is used for pressing core. 
3.2.3 Melted Metal Preparing Process 
In this process 60.000 tone metal is being melted in a year. Main inputs of this 
process are; cast iron hematite, steal scrap (contains high manganese), sheet iron 
scrap (contains low manganese). Auxiliary inputs of this process are; ferrosilicium, 
granule graphite, granule perlit, ferro chrome, ferro manganese, ferro silis 
magnesium etc. During the preparation of the fireplace, coat material with aluminium 
silicate is also being used. 
Various cast iron and steal scrap materials, which are bought, are passed through a 
prior heating by a crane and then forwarded to the fireplace. Induction melting 
fireplaces work with electricity. After adding necessary alloy elements to the melted 
metals, they are forwarded to the casting fireplaces. In this fireplace metal is 
regulated in required temperature and spilled out to the moulds. 
3.2.4 Casting Processes  
This is a process that automatic casting is done by casting fireplace on automatic 
moulding machine’s conveyor. Naturally the inputs of this process are; prepared 
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moulds, materials used in mould formation and melted metals, which are raised by 
nitrogen gas pressure. This process is also controlled automatically by sensors and is 
ended by repeating operation for each mould. After finishing the casting process 
mould cassation and sprue breaking processes are realised.  Product and the sand of 
mound are separated in a turning long-necked. In this process, high air and water are 
vacuumed to make the product cooler. Main casting process is ended; by cleaning the 
product with granule steal marble by the way of spraying and by stoning processes.                          
3.2.5 Colouring Process 
If it is required, product, which is cleaned after casting process, is forwarded to the 
colouring process. In this process, products that their burrs were taking off by stoning 
process are colored by “grey coat dye, black dye etc. Then they are forwarded to the 
packing. In this process, mixture of alkyd resin, toluene, thinner and red oxide 
pigments are the inputs of the industrial colouring bath. 
3.2.6 Galvanising Process  
After casting process, if it is required, fitting and other products are forwarded to the 
galvanising process. This process is consisting of thermic treatment, stoning for burr 
taking and re cleaning. After galvanising process, with drawing process, product is 
sended. In galvanising process, there are washing bath of chloride acid, bath of 
rinsing, bath of flux which consist of ammonium chloride and zinc chloride and 
process of hot immersion which consist of zinc melted at 550oC. Boron oils, which 
are used in threading process (after galvanising), are also process inputs.      
3.3 Definition of Waste, Based on Process 
Main processes of this industry are examined in details at the factory and according 
to the determinations and samplings we determined these wastes, which are given 
below. 
3.3.1 Wastes Based on Mould of Sand Preparing Process 
Filters hold the dusts of the mould of sand mixer. This dusts and other wastes which 
are in sand form (rest, coming from moulding) are totally the wastes of this process. 
 27
The amounts of this process’s wastes were 8500 tone/year in 2002. According to the 
observations at the factory and/or mass balance; waste production average is 26-30 
tone/day. From the observations, it is seen to be that the %75 of the wastes is filter 
dusts and %25 are rest sands from moulding. This wastes must be evaluate as solid 
waste. According to the ratio’s of the main inputs of this process, the composition of 
the waste is; %1 bentonite, %0,4 coal powder and %98,6 sand. This waste will be 
named as K in this thesis. 
3.3.2 Wastes Based on Core Preparing Process   
Table 3.6 Wastes Composition Based on Core Preparing Process 
Process Inputs Probable Waste Content  
Substance 
Content 
(%) 
Explanation 
Sand of Core Silica 97 Same with sand of mould 
Hot Box Core Resin 
Urea -formaldehyde and furfuryl 
alcohol   
1,3 
Thermosetting harden after 
cooking 
Serter Phenol and ammonium nitrate 0,26 Loss, during cooking 
Linseed Oil Oil 0,09 Loss, during cooking 
Shell Core Resin Phenolic Resin 0,37 
Thermosetting harden after 
cooking 
Hegzamin Amino Compound 0,05 Loss, during cooking 
Calcium Stearat Calcium Stearat 0,02 In waste as calcium  
Part A Resin for Cold Box Core  
Naphta, isophoron, phenol and 
formaldehyde.              
0,28 
Thermosetting harden after 
cooking 
Part B Resin for Cold Box Core 
Diphenylmethanediizocyanate 
Aromatic HC  
0,28 
Thermosetting harden after 
cooking 
Ethlenedimethylamine Ethlenedimethylamine 0,18 Loss with volatile  
In this process, core of sand is prepared by the way of 3 different methods. Wastes of 
these methods are the rests of casting moulds. c from the factory, average amount of 
this waste is 11-12 tone/day. Uncooked core waste ratio to the total waste is %3. This 
part is defined as uncooked core sand, which comes from the reaction in the mixer. 
This wastes must be evaluate as solid waste. According to the ratios of the main 
inputs of this process, the composition of the waste is summarised in table 3.6. This 
waste will be named as M in this thesis but burned core will be named as P. 
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3.3.3 Wastes Based on Melted Metal Preparing Process 
Wastes of this process: one is slag of the metal which is melted on induction 
fireplaces and automatic casting fireplaces, and the other is material occurred during 
the chancing the coat of fireplaces. From the observations, it is seen to be that 10 
tone/day of the total waste of this process is slag and 15 tone/month is coat material. 
It is calculated that, in a year 60,000 tone melted metal is producing %5 slags. In 
average 11 tone/day waste is leaving this process. Total wastes consist of %91 slags 
in freezed, inert and solidified form and %9 coat in refractory form based on 
aluminiumsilicate. So, wastes of this process can be defined as solid waste. Metal 
slug will be named as C and coat material will be named as A in this thesis. 
3.3.4 Wastes Based on Casting Process 
In casting process, wastes come from: conveyor type of casting process, mould 
cassation, sprue breaking and cleaning processes. In mould cassation process; sand, 
coming from the breaking process of the mould in turning long-necked, is defined as 
a waste, but in process order, we know that, this sand is reused in sand of mould 
preparing process. So it can’t be a waste. According to the authorities, sand amount, 
which is collected from long-necked and forwarded with bunkers in powder form, is 
2000 tone/year. In complete process, source of the powder formed sand is 
determined definitely as cleaning process (cleaning with silicones). Powder sand, 
originated from cleaning process is, in mould of sand preparing waste (K) 
characterisation, it’s not a casting process waste. And that means this waste is %0,1 
portion of 26-30 tone/day of the K waste. So we can mention that casting process 
does not produce any waste.     
3.3.5 Wastes Based on Colouring Process 
If it is required, product, which is cleaned after casting process, is forwarded to the 
colouring process. Before colouring process, stoning is done to the product. In the 
stoning process, iron burr is the process waste, which is called iron powder. 
Although its amount is low this waste can be returned to the melted metal preparing 
process. It can be reused. In the bath of colouring process; bottom sludge with the 
composition of coat dye, black dye, red oxide pigments, toluene, solvents and alkyd 
resin were determined.  This waste is in the form of mastic with high viscosity and 
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arises during emptying and cleaning periods of the bath. In this period, metal pieces 
are cleaned. Amount of the metal pieces are determined as 80 kg/month. Cleaning 
the emptied bath solution is done periodically every year and dark solid waste 
amount, which comes from 6m3 volume capacitated reactor, is calculated as 2500 
kg/year. Other wastes related with colouring process are; 6 piece/month tin paint and 
20 piece/month solvent container. 
3.3.6 Wastes Based on Galvanising Process 
After cleaning operation of casting process, if it is required, product is taken to the 
galvanising process. Products pass through pre-processes of the main galvanising 
process, such as thermic treatment, stoning and cleaning processes. Because they are 
being reused in melting process, iron powder and iron burr that come from stoning 
and powder that come from cleaning processes can’t be wastes of the galvanising 
process. Cleaned product first of all, enters to the acid bath and then to the rinsing 
and flux baths. After these, it enters to the hot immersion, zinc bath and leaves there 
in coated form. Bottom sludges; which occur during the cleaning and emptying 
periods of acid and flux baths, must be state as waste of this process. In respect of 
this determination, 150-kg/month bottom sludge comes from acid bath and 50-
kg/month bottom sludge comes from flux bath. Emptying period of both bathes 
stated as 2-3 months. More important waste amount is; 8 tone/month, which comes 
from thread opening process (after galvanising), occurs by the usage of %6-8 boron 
oil emulsion. Authorities of the firm are planning feeding back project of this 
emulsion. 
3.4 Determination of Wastes Arised From Foundation 
3.4.1 Hazardous Waste Determination and Management Mechanisms 
According to the concept of this thesis, we have done process resource and waste 
determinations of the processes and now we have to make hazardous waste 
determination. In addition to the scientific determination mechanisms, regulations 
and their lists and appendixes are also used for the hazardous wastes.   
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3.4.2 Hazardous Waste Determination 
Different from the conventional waste hazardous wastes must be managed. 
Hazardous wastes take part in the scientific literature with hazard and harmful 
potentials for the environment. During its 20-30 year history, because of the various 
environment disasters, it has comprehended that; different from the conventional 
wastes, management of the hazardous wastes is more difficult and hard. Because of 
this, authorities had to be distinguished and defined hazardous waste as “different 
waste” with its hazard criterions, that make it possible to make hazardous waste 
determination. On the other hand, lists, which were created with those 
determinations, indicated hazardous waste in a limited dimension and also they 
indicated the non hazardous waste as well. So non-hazardous wastes were need to be 
taken out from the lists. For those reasons new “included” and “non-included” lists 
were formed. In different countries, these lists were improved and they used them as 
a base for regulations that make different definitions and determinations. In spite of 
all usefulness of the lists, they weren’t sufficient as static, for all conditions and for 
all type of wastes in different regions. Because of those; hazard criteria and waste 
management methods must be effective for hazardous waste description and 
determination. Main hazard criterias for hazardous wastes in literature are: 
 Flammability (hazard code: F) 
 Corrosivity (hazard code: C) 
 Reactivity (hazard code: R) 
 Toxicity (hazard code: T) 
In addition to those; carcinogenic, accumulation, ignitability, persistency etc. harmful 
potential are also criterias. From this point of view, definition of the hazardous waste 
is:  
“Hazardous Waste” is a/any specialised and listed waste; which has acute or chronic 
hazard potential described as; “Flammable”,”Toxic”, “Corrosive”  “Reactive” 
criteria, which should be managed with all together with the “social, political and 
economical” aspects of the eco-system instead of conventional treatment and 
disposal techniques because of its composition, constituents, physical form, fate and 
transport in the environment, which may be in forms of; solid, liquid, slurry, sludge 
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and pressurised gas, which may be a/any hazardous substance that has been 
discarded or otherwise designated as a waste material, or one that may become 
hazardous by interaction with other substances. 
In USA regulations, non-conventional mean solid but it never refers hazardous 
waste’s waste form. Also, making waste definition with respect to its hazard 
potential is not suitable as well. 
3.4.3 Hazardous Waste Management  
After making hazardous waste determination and listing; a method must be 
determined to manage, storage and transfer the waste. Management is related with 2 
conditions. 
 In situ 
 On site 
Physical, chemical, biological treatment technologies, temporary storage, 
incineration ultimate disposal, rehabilitation and minimization etc. methods have 
being used and they are still be used. 
3.4.4 Hazardous Waste Determination Under the Regulation 
Regulations issued for the control of hazardous wastes are generally based on the 
listing of wastes both at home and abroad. The US EPA regulations give four types 
of lists, which are as follows: 
 List of hazardous wastes from known sources (type K), 
 List of hazardous wastes from unknown sources (type F), 
 Lists of commercial chemicals that might convert to wastes (types U and P). 
In these lists, the waste is defined with a code number and identified with a hazard 
criterion symbol. For example, the waste with the code number K090 and the 
industry number “ferrous alloys” is defined as “emission control dusts and sludge 
from ferro-chromium silica production” and its hazard code is given as T 
(“toxicity”). In the same regulation, compounds that constitute the hazard for a waste 
is provided with an attachment and the compound for this waste is identified as 
chromium. In practice in both EPA and EU countries, Holland, England and 
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Belgium, definition and determination of a waste that is unknown to regulations in 
spite of the lists providing the definitions and determinations above, is made by a 
query mechanism. For example, the first query for a waste is whether it is different 
than the conventional and another query is whether it is toxic for its hazard criterion. 
In Turkey, the “Hazardous Wastes Control Regulation” issued on the Official 
Gazette no. 22387 of 27.08.1995 consists of 51 articles in 9 sections, and annexes. 
On various dates, “Regulations for Modifications to the Hazardous Wastes Control 
Regulation” were issued on the Official Gazette for making modifications to some 
articles. As the relevant regulation entered into force largely as a translation from a 
draft text called the “Trans-Border Carriage of Hazardous Wastes” and include 
uncertainties to a great extent, significant problems were suffered in practice up to 
day. Despite the annexes to the regulation provide the criteria for distinguishing 
wastes from products, disposal methods and diagrams and figures for these methods, 
it could not provide a listing for determining a waste as a hazardous waste nor could 
it establish an applicable determination mechanism. For example, although the 
criteria for a waste to be hazardous are given in a table in the regulation, another 
table provided in an annex gives the concentrations of substances in the waste that 
must be analyzed, without associating them to those criteria. According to the 
concentrations, a form of management is suggested for the waste, providing, for 
example, a “criterion for depositability in surface deposit areas”. For these 
concentrations, which can vary with the form and hazard criterion of the waste, 
standards particularly in DIN and ISO norms are suggested. For a component that 
can be determined by concentrating it in a fluid, it is not clear how a measurement 
could be made in a waste in solid form according to these standards. 
As can be further demonstrated with other examples, it is possible to define and 
determine all wastes both hazardous and non-hazardous at the same time, using the 
entire regulation. In the time lapsed in between, the Environment Ministry, which is 
responsible for enforcing the regulation has not made any arrangement or revision 
with respect to this matter. 
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3.5 Approache for Hazardous Waste Determination 
The approach for determining as hazardous wastes any wastes, which are likely to be 
hazardous and sampled after examination on site, was based on the scientific and 
applied methods set forth above and the methods indicated by regulations. 
3.5.1 Experimental Approach 
Toxicity test is one of the major tests to identify the hazard criterion on samples of 
wastes, which are considered hazardous. Although this test is conducted by highly 
varying methods, it requires a preliminary preparation for the form of waste. In 
particular, preparation should be made for EPT (extraction procedure toxicity) or 
TCLP (toxicity characteristic leaching procedure) for wastes in solid or sludge form. 
Corrosivity as a criterion for hazard is the abrasive effect of a waste that arises with 
its acidity or basicity. To determine this effect, the standard test to NACE (National 
Association of Corrosion Engineers) TM-01-69 basing on the thinning of stainless 
steel in a certain period of time is used. 
For the hazard criterion of flammability and combustibility, the flash point 
temperature, calorific value and activation energy of the waste should be known. The 
amounts of combustible matter in the composition of the waste are also important for 
this criterion. The standard test for the flash point determination is ASTM standard 
D-3278. 
The hazard criterion of reactivity is determined by the amount of reactive chemicals 
in the composition of the waste. The presence of especially peroxides and water-
reactive matters can make the waste totally reactive. No standard method exists with 
respect to this. 
3.5.2 Experimental Approach Basis of the Hazardous Wastes Control 
Regulation 
It is observed that the criteria that could be a basis for experimental approach under 
the “Hazardous Wastes Control Regulation” issued on the Official Gazette no. 22387 
of 27.08.1995 and the “Regulations for Modifications to the Hazardous Wastes 
Control Regulation” issued on the Official Gazette no. 22858 of 25.12.1996 are 
provided in Annexes 11a-b, 12 and 13 and that there exists no other experimental 
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determination method. On the other hand, the table title given in Annex 11a is 
“Criteria for Depositability of Wastes in Surface Deposit Facilities”. This means that 
there are no drawbacks for hazardous wastes satisfying the values in the table to be 
deposited or buried in any surface deposit facility located where they are produced. 
Similarly, the title of Annex 12 is “Waste Concentrations Allowed To Be Deposited 
in Domestic Solid Waste Deposit Facilities”. Although heavy metals, cyanide, oils, 
carbohydrates and other similar parameters are stated in both tables, the values given 
as standards are not significant and explanatory in terms of their units and quantities. 
For example, all values in Annex 11a are given in mg/l, all of which are 
concentrations in a liquid. If, as such, the form of waste is solid or sludge, a method 
must have been stated for the leaching or extraction with water of the substances in 
the sample of waste. Similarly, when the concentration of waste allowed to be 
deposited in domestic solid waste deposits in Annex 12 is given as 100 g per tone of 
domestic solid waste, a measurement method is not possible for the determination of 
it. If Annex 12 permits the deposit of 1 g of cyanide in 1 m³ of domestic waste, in 
how much of hazardous waste should 1 g of cyanide be? Annex 3 refers to wastes 
which are forbidden to be deposited in a domestic solid waste deposit facility, but 
admits individual substances such as liquid wastes, pesticides and TCDD as wastes 
in one section and tackled a very large coverage under liquid wastes in another 
section. To give an example, what should be concentrations in a liquid waste that 
contains pesticides and solvents? 
What the regulation want to do with Annexes 11A, 12 and 13 is to specify the 
concentrations given to protect surface deposit areas and domestic solid waste 
deposit areas. As they are and even if they are correct, the ISO and DIN standards 
given in Annex B could only be used to analyze the parameters given. These values 
are the values in the waste and would not indicate measurements for the purpose. 
For these reasons and abiding by the annexes to the regulation and the scientific 
methods, the SW-846 RCRA standard procedure, which is the environmental leach 
procedure for solid wastes, was also used, although the DIN standard 38414-54 is 
specified for wastes in solid form for the measurement of the values of pertinent 
parameters of sampled wastes. To this end, 3 different process wastes which are to be 
removed from sampled wastes to the same surface deposit area were mixed and 
homogenized in a single waste and subjected to toxicity test by extracting it using the 
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EPT (Extraction Procedure Toxicity) method given with the SW-846. The 
parameters required in the same extract by the regulation were analyzed by the 
corresponding standard methods. Table 3.7 gives the sampling developed by 
combining wastes and a summary of sources. 
Table 3.7 Definition, Determination and Fractions of Sampled Wastes 
Sample Code 
Name of 
Sample  
Source Quantity Fraction Total Quantity Total Fraction 
K1 
Molding Sand 
Preparation 
Filter 
6500 ton/year, 
22,5 ton/day 
0,75 
K2 
Molding Sand 
Preparation 
Molding 
Process 
2000 ton/year, 
7,5 ton/day 
0,25 
8500 ton/year, 
30 ton/day 
0,57 
M1 
Core 
Preparation 
Hot Sand 
(unbaked) 
M2 
Core 
Preparation 
Shell Core 
(unbaked) 
M3 
Core 
Preparation 
Cold Box  
(not reacted) 
0,36 ton/day 0,03 
M4 
Core 
Preparation 
Cold Box 
(reacted) 
M5 
Core 
Preparation 
Hot Box 
(baked) 
M6 
Core 
Preparation 
Shell Core 
(baked) 
11,64 ton/day 0,97 
12 ton/day 0,23 
C Metal Slag 
Metal Melting 
Process 
10 ton/day 1 10 ton/day 0,20 
A 
Priming 
Material 
Metal Melting 
Process 
15 ton/month, 
0,6 ton/day 
1 
15 ton/month, 
0,6 ton/day 
0,056 x C 
P Burnt Core Polygon Sieve 0,03 ton/day 1 0,03 ton/day 0,001 x K 
For the wastes sampled from processes as a result of examination in the facility, a 
single homogeneous waste was produced at the laboratory by mixing within ratios 
set out in Table 3.7 For, according to the information obtained at the facility, these 
wastes from the 3 general process lines had always been removed together to the 
same open area during the day. On the other hand, the form, quantities and contents 
of wastes from these 3 lines are very similar and constitute the major waste for the 
facility. Therefore, the extraction procedure was applied on a homogeneous mixture 
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of wastes using the standard methods mentioned above, then an analysis of the 
parameters mentioned in the regulation pertinent to this waste was made and a 
toxicity test was conducted though it is not provided in the regulation to put the 
results of the experimental study to evaluation for this group of wastes. Table 3.8 
summarizes the results of the test conducted pursuant to Annex 11A and the SW-
846, DIN, ISO procedures. 
Table 3.8 Results of the analysis made to Annex 11a and comparison 
Sample of Waste 
Annex 11a: Parameter Standard Value
K+M+C 
Remarks 
PH 4-13 8,36(1)
TOC (mg/l) 40-200 80 
As (mg/l) 0,2-1,0 <0,2* 
Pb (mg/l) 0,4-2,0 0,13 
Cd (mg/l) 0,1-0,5 <0,2* 
Cr(V1) (mg/l) 0,1-0,5 <0,5* 
Cu (mg/l) 2,0-10,0 0,2 
Ni (mg/l) 0,4-2,0 0,2 
Hg (mg/l) 0,02-0,10 <0,2* 
Zn (mg/l) 2,0-10 0,25 
Phenols (mg/l) 20-100 0,74 
Fluoride (mg/l) 10-50 0,1 
NH4+ (mg/l) 0,2-1,0 0,3(2)
Chlorine (mg/l) 1,2-6,0 - 
CN (mg/l) 0,2-1,0 <0,05(3)
S-2 (mg/l) 0,2-1,0 <0,1* 
NO2 (mg/l) 6-30 -** 
Organohalogens (mg/l) 0,6-3,0 -** 
Thinners and Solvents (mg Cl/l) 0,02-0,10 -** 
Pesticides (µg/l) 1-5 -** 
Lipophilic Substances (mg/l) 0,4-2,0 -** 
(1) Value measured as a result of extraction 
e.g. with water. Value before adjustment to 
pH 5,02 with acetic acid under the procedure. 
 
(2) Value of NH4+-N. TKN was also measured 
to be 12,3 mg/l. The quantity of organic 
nitrogen in the sample was calculated to be 
12 mg/l. 
 
(3) The value <0,05 mg/l is the minimum 
determination limit for the method. In the 
value 0,1 mg/l, OCN (isocyanate) was also 
found out. 
 
(*) The sign “<” indicates a value below the 
minimum determination limit for the method. 
 
(**) The sign “-“ indicate that related 
parameters do not need to be measured since 
they do not exist in the inputs to the mass 
balance. 
The toxicity test conducted on the sum of the samples K, M and C, which are 
extracted, by the EPT test demonstrated that these wastes do not have a toxicity 
value. The sample of dye is not included among other samples, as extraction would 
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not give result with water. However, the sample of dye is known as strongly toxic 
due to its content. The literature states that solvents and thinners it contains display 
extreme toxicity as individual substances. Galvanization was not sampled as it is 
periodically emptied out as bath bottom sludge, which sludge is, however, also 
strongly toxic as understandable from its content. Bottom sludge of galvanization 
wastes already put forth the corrosivity criterion because of very low pH (<2) while 
it also displays strong toxicity due to its content of metal concentrations. Table 3.9 
provides the toxicity test evaluations made for the sum of samples K, M and C and 
for paint and galvanization. 
Table 3.9 Toxicity Test (EPT) Results 
Sample Code pH Temp. (°C) Nos. of Fish
96-hour 
LC50
ZSF Remarks 
K+M+C 7 20 10 0 0(1) Non-toxic 
Paint - - - - - Toxic 
Galvanization <2(2) - - - - Toxic and corrosive 
(1) ZSF indicates the toxicity dilution factor. The value “LC50=0” indicates that no 
death of the species of fish tested occurs without dilution. The value ZSF=0 
indicates, however, that this extract needs no dilution for toxicity in a stream. 
(2) The pH<2 is a value calculated in the process despite no sample of galvanization 
process exists. At this value of pH, a waste is not suitable for the toxicity test apart 
from being corrosive. 
3.5.3 Regulation and Listing Approach 
Wastes are also defined and determined using lists other than those explained above 
and the experimental methods indicated by the regulation again. Accordingly, 
sources, hazard criterion, form of management of the waste and other similar 
explanations or provisions are included in such lists or tables. Technical explanations 
of this type of regulation generally guide the implementer with a certain conceptual 
index within the frame of the purpose clause. For example, wastes could be listed as 
to their source in one list and as to their content in another list to determine them. Yet 
another table could identify the criteria that allow the deposit of wastes. Still, they 
could never be definite and always objective. In the conclusion section of this report, 
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the Hazardous Wastes Control Regulation issued in 1995 and the US EPA-RCRA 
Lists of Hazardous Wastes were used to determine the said wastes as to their source, 
process, content and hazard criterion, and the relation of them to relevant annexes 
were assessed with the test results according to the operating order of the regulation. 
3.6 Assessment 
The data obtained as a result of the examinations made at Trakya Döküm Sanayi ve 
Tic. A.Ş. facilities at Büyükkarıştıran locality of Lüleburgaz, the samples taken and 
the work done at the laboratory were evaluated to conclude as follows.  
3.6.1 Assessment for Purposes of Hazardous Wastes Control Regulation 
Annex 1 to the Regulation lists the criteria for distinguishing the waste from the 
product. Accordingly, the outputs identified in Section 3 were assessed as wastes in 
the industry. The “industrial process residues” identified in article 7 in Annex 1 to 
the Regulation conform to this definition. However, this list is highly general and 
subjective. For these wastes are not products and are not yet determined as hazardous 
wastes. According to Annex 1: 
1. The sum of “K+M+C” is a solid waste. 
2. Paint bath bottom residues are a waste in the form of compound. 
3. Galvanization bath bottom sludge is a waste. 
4. Boron oily output is a waste in the form of emulsion. 
As, according to the method in article D1-B of the list, “regular deposit on the soil”, 
given under the title “disposal methods” in Annex 2 to the Regulation, the “K+M+C” 
wastes are deposited in the facility area, they are assessed in accordance with the said 
list in the regulation. It is observed that “Paint bath bottom residues” will conform to 
the “combustion” process in D10, “galvanization bath sludge” will conform to the 
processes referred to in D4, D5, D9, D12 in Annex 2, and “boron oily outputs” will 
conform to the R9 process in Annex 2B. However, both this list and the disposal 
method should follow determination for the waste. 
The Annex 3 lists the “Activities Causing Production of Hazardous Wastes” on the 
basis of sectors and all the wastes in this industry are included in article A230 
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“foundry and metal working processes” under the metallurgy-machinery and 
electrical engineering sector. Even this list states probable source of the waste, but 
not if it is hazardous. (It is thought that there is an error with the code number of 
article A230 “construction, construction areas, green area” which is provided 
redundantly under the non-metallic minerals, construction materials, ceramics, and 
glass sector.) 
Under the heading “List of Hazardous Wastes - General Categories of Wastes”, the 
Annex 5 provides a list of defined wastes basing on sources and contents. However, 
definitions in this list are also very generalized and not waste defining. In the 
industry, the following wastes correspond to the code numbers of general categories 
of wastes, defined as follows: 
1. Combined K+M+C waste: Y21 “chromium (VI) compounds”, Y 22 “copper 
compounds”, Y23 “zinc compounds”, Y26 “cadmium, cadmium compounds”, 
Y31 “lead, lead compounds”, Y39 “phenols, phenol compounds including 
chloro-phenols” and Y45 “compounds containing a derivative except substances 
set forth in this annex” 
2. Paint bath bottom residues: Y6 “wastes originating from production, preparation 
and use of organic solvents” and Y12 “wastes originating from production, 
preparation and use of inks, paints, pigments, lacquers and polishes” 
3. All the wastes: Y17 “wastes originating from application of surface treatment to 
metals and plastics” 
4. Boron oily outputs: Y8 “waste mineral oils not suitable for the use intended” and 
“mixes of waste oil/water, hydrocarbon/water, emulsions” 
At this stage, this assessment was made moving from the process investigation and 
the contents that are probably present in the waste. According to these code numbers, 
these wastes should yet not be assessed as hazardous wastes. 
The Annex 6 is the “National List of Hazardous Wastes”, which provides a complex 
listing that extends to probable contents and sources of wastes and to wastes that 
must be controlled. Accordingly: 
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1. Combined K+M+C waste: Should be controlled for phenol content, even though 
no source and waste is stated in category Y39, Y45. 
2. Paint bath bottom residues: Can be assessed in the list of wastes to be controlled 
by codes T-Y0607, T-Y1203, T-Y1204 and T-Y1207 in categories Y6 and Y12. 
3. Galvanization bath bottom sludge: Can be assessed in the list of wastes to be 
controlled by codes T-Y1703, T-Y1704 in category Y17. 
4. Boron oily outputs: Can be assessed in the list of wastes to be controlled by codes 
T-Y0803, T-Y0805, T-Y0901, T-Y0902, T-Y0903, T-Y0905 in categories Y8 
and Y9. 
The Annex 11A provides the “Criteria for Depositability of Wastes in Surface 
Deposit Facilities” in a table by distinguishing between hazardous wastes and inert 
wastes, without, however, any explanation or definition for inert wastes. On the other 
hand, no explanation exists for the giving of 21 parameters for hazardous wastes in 
lower and upper values either. Parameters in this table are not applicable for every 
waste composition and, with their values, would not enable decision making for the 
deposit of a waste (hazardous waste) in surface deposit facilities. The omission of the 
real criteria for hazardous wastes such as toxicity, flammability, corrosivity and 
reactivity makes this table meaningless. According to the evaluation of the toxicity 
test conducted on the extract by the extraction methods set forth in Annex 11B for 
different wastes in solid, sludge or liquid form known to the industry and of the 
parameter values measured: 
1. Combined K+M+C waste: According to Annex 11A, it can be depositable in 
surface deposit facilities and is not a hazardous waste. It is not a conventional 
waste either. 
2. Paint bath bottom residues: As, according to Annex 11A, they can not be 
extracted, they can not be deposited in surface deposit facilities as well. This 
waste is a hazardous waste because of the toxicity criterion within the codes 
referred to above. 
3. Galvanization bath bottom sludge: Due to its composition and pH value, it can 
not be deposited in surface deposit facilities. This waste is a hazardous waste 
because of the criteria of toxicity and corrosivity within the codes referred to 
above. 
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4. Boron and mineral oily outputs and their emulsions: As their composition already 
contains the oily compounds and contaminated substances in their definition, 
they are assessed as hazardous wastes within the codes referred to above. 
3.6.2 Assessment For Purposes Of Hazardous Wastes Overall Rating Value 
Determination System 
In section 3.6.1, wastes, which are originated from the foundry industry, are 
evaluated for purposes of hazardous waste control regulation lists. However, this list 
is highly general and subjective. “Hazardous Wastes Control Regulation” is 
inadequate in determining and in management alternatives for hazardous wastes 
originating from industries in particular, that this regulation must me revised to 
incorporate new articles therein for the setting up of hazardous waste areas. In this 
section ‘Hazardous Waste Overall Rating Value (ORV) Determination System’ is 
used to determine and manage wastes originating from the foundry industry. Making 
comparison of assessment results of Hazardous Wastes Control Regulation and ORV 
system and determination of insufficiency of this regulation are the other important 
and specific points for this approach to overcome the problems resulted from the 
existing methodologies. Overall Rating Value (ORV) calculates and quantifies the 
wastes as regular (conventional) waste, non-regular (solid) waste or hazardous waste 
by using variables such as Ecological Effect (Ee) (ignitability, reactivity, corrosivity, 
toxicity), Combined Potential Risk (CPR) (carcinogenic effect, toxic characteristics, 
infectious characteristics, persistency), Listing (L), Physical Form (f) of the waste, 
and Quantity (Q) of the waste by using mathematical formulations and notations, 
which are given in section 2.9.1.  
A. K+M+C Waste,  
B. Paint Bath Bottom Residues,  
C. Galvanization Bath Bottom Sludge,  
D. Boron Oily Outputs  
are evaluated for purposes of hazardous wastes overall rating value determination 
system. 
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A. K+M+C Waste  
The sum of “K+M+C” is a solid waste.  
It’s a undefined waste in certain regulations. 
It is not listed on the EPA’s Hazardous Waste Lists. 
It has not ecological effects which includes hazard characteristics such as; 
ignitability, corrosivity, reactivity, toxicity. 
“K+M+C” waste has no human health toxicity, carcinogenetic effects, and infectious 
risks, combined potential risk (CPR) characteristics except persistency. 
Quantity of the “K+M+C” waste is 364 000 kg/month. 
The values for each parameter are obtained from ranking tables (Table 2.1, 2.2, 2.3, 
2.4, 2.5, 2.6, 2.7, 2.8, 2.9) to substitute in the equations.  
Table 3.10 Values of each parameter of the “K+M+C” 
D L i c r t n Cr p m In Bd SI Bac f Q 
50 0 0 0 0 0 1,1 0 0 -* 0 1* 1 1 1,1 1,4 
*m= unimportant in the calculation because p is zero. 
*K+M+C waste is extracted by TCLP test method. Biodegradability of the materials 
in extract, is accepted as >%90. Because of this, from the ranking Table 2.5, Bd 
value is equal to 1. 
Ee = I + C+ R + T                                                    
I=In so I=01,1=0            
C=cn    so C=01,1=0                                
R=rn so R=01,1=0                               
T=tn so T=01,1=0                
with this parameter results Ee= 0+0+0+0=0 
P=pm so P=0m=0                
Pe = (Bd Sl x  Bac )-1 so Pe=(11*1)-1=0 
with this parameter results CPR = Cr + P + In + Pe=0+0+0+0=0 
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the last step in finding ORV is a substitution of the values of all parameters in 
equation 2.1  
ORV = D+L+[Ee +( CPR ) x f]x Q=50+0+[0+(0*1,1)]*1,4=50 
B. Paint Bath Bottom Residues 
Paint bath bottom residues are in the sludge form. 
It’s a undefined waste in certain regulations. 
It is listed on the EPA’s Hazardous Waste Lists. (P type) 
It has ignitability and toxicity characteristics but has not corrosivity and reactivity 
characteristics related with ecological effects.  
It has human health toxicity, carcinogenetic effects, but not has infectious risks, and 
persistency combined potential risk (CPR) characteristics.  
Quantity of the “Paint bath bottom residues” waste is 48 kg/month. 
The values for each parameter are obtained from ranking tables (Table 2.1, 2.2, 2.3, 
2.4, 2.5, 2.6, 2.7, 2.8, 2.9) to substitute in the equations.  
Table 3.11 Values of each parameter of the Paint Bath Bottom Residues 
D L i c r t n Cr p m In Bd SI Bac f Q 
50 50 40 0 0 40 1,2 100 40 1,3 0 10 1 2 1,2 1,1 
Ee = I + C+ R + T                                                    
I=in so I=401,2=83,5            
C=cn    so C=01,2=0                                
R=rn so R=01,2=0                               
T=tn so T=401,2=83,5               
with this parameter results Ee= 83,5+0+0+83,5=167 
P=pm so P=401,3=121                
Pe = (Bd Sl x  Bac )-1 so Pe=(101*2)-1=19 
with this parameter results CPR = Cr + P + In + Pe=100+121+0+19=230 
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the last step in finding ORV is a substitution of the values of all parameters in 
equation 2.1  
ORV = D+L+[Ee +( CPR ) x f]x Q=50+50+[167+(230*1,2)]*1,1= 587,3 
C. Galvanization Bath Bottom Sludge  
Galvanization bath waste is in the sludge form. 
It’s an undefined waste in certain regulations. 
It is not listed on the EPA’s Hazardous Waste Lists.  
It has corrosivity and toxicity characteristics but has not ignitability and reactivity 
characteristics related with ecological effects.  
It has human health toxicity, carcinogenetic effects, but has not infectious risks, and 
persistency combined potential risk (CPR) characteristics.  
Quantity of the “Paint bath bottom residues” waste is 200 kg/month. 
The values for each parameter are obtained from ranking tables (Table 2.1, 2.2, 2.3, 
2.4, 2.5, 2.6, 2.7, 2.8, 2.9) to substitute in the equations.  
Table 3.12 Values of each parameter of the Galvanization Bath Bottom Sludge 
D L i c r t n Cr p m In Bd SI Bac f Q 
0 0 0 40 0 40 1,2 10 40 1,1 0 3 0,5 1 1,2 1,1 
Ee = I + C+ R + T                                                    
I=in so I=01,2=0            
C=cn    so C=401,2=83,5                 
R=rn so R=01,2=0                               
T=tn so T=401,2=83,5               
with this parameter results Ee= 83,5+0+0+83,5=167 
P=pm so P=401,1=57,7                
Pe = (Bd Sl x  Bac )-1 so Pe=(30,5*1)-1=0,7 
with this parameter results CPR = Cr + P + In + Pe=10+57,7+0+0,7=68,4 
 45
the last step in finding ORV is a substitution of the values of all parameters in 
equation 2.1  
ORV = D+L+[Ee +( CPR ) x f]x Q=0+0+[167+(68,4*1,2)]*1,1= 274 
D. Boron Oily Outputs  
Boron oil output is in the emulsion form  
It’s a undefined waste in certain regulations. 
It is listed on the EPA’s Hazardous Waste Lists. (P type) 
It has not ecological effects except toxicity which includes hazard characteristics 
such as; ignitability, corrosivity, reactivity. 
It has human health toxicity, persistency effects, but has not infectious risks, and 
carcinogenetic combined potential risk (CPR) characteristics.  
Quantity of the “Boron oil” waste is 8 000 kg/month. 
The values for each parameter are obtained from ranking tables (Table 2.1, 2.2, 2.3, 
2.4, 2.5, 2.6, 2.7, 2.8, 2.9) to substitute in the equations.  
Table 3.13 Values of each parameter of the Boron Oily Outputs 
D L i c r t n Cr p m In Bd SI Bac f Q 
0 50 0 0 0 40 1,3 100 40 1,1 0 10 1 2 1,3 1,3 
Ee = I + C+ R + T                                                    
I=in so I=01,3=0            
C=cn    so C=01,3=0                 
R=rn so R=01,3=0                               
T=tn so T=401,3=121               
with this parameter results Ee= 0+0+0+121=121 
P=pm so P=401,1=57,7                
Pe = (Bd Sl x  Bac )-1 so Pe=(101*2)-1=19 
with this parameter results CPR = Cr + P + In + Pe=100+57,7+0+19=176,7 
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the last step in finding ORV is a substitution of the values of all parameters in 
equation 2.1  
ORV = D+L+[Ee +( CPR ) x f]x Q=0+50+[121+(176,7*1,3)]*1,3= 456 
Results of OVR rating system calculations are discussed in section 4. 
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 4 RESULTS AND DISCUSSION  
For purposes of suggestions for hazardous waste definition, determination and 
management, on which this report is based, the following conclusions, according to 
the Hazardous Wastes Control Regulation and Overall Rating Value Determination 
System, are reached.  
At Trakya Döküm San. ve Tic. A.Ş. Foundry Facilities, 12 process-based wastes and 
their combinations and 4 other wastes were identified, which are studied as probable 
hazardous wastes and according to the  
A. Hazardous Wastes Control Regulation   
B. Overall Rating Value Determination System,   
require an ultimate removal. “K+M+C Waste, Paint Bath Bottom Residues, 
Galvanization Bath Bottom Sludge, Boron Oily Outputs” waste are evaluated. 
A. “Hazardous Wastes Control Regulation” 
 K+M+C Waste 
This is a solid, combined waste of sand, core and metal slag lines. It is observed that, 
according to the concentrations of its contents and the results of the toxicity test 
conducted by EPT method, it does not satisfy the toxic or eco-toxic hazard criterion 
sought for in hazardous wastes.  
Although it is listed with codes Y17, Y21, Y22, Y23, Y26, Y31, Y39 and Y45 in 
Annex 5 and with the source in A230 in Annex 3 to the Regulation, this waste can 
not be defined as a hazardous waste because it is not directly defined in these lists 
and it exceeds the criteria in Annex 11A table. 
This waste has not been identified either among the definitions made in lists of types 
F, K, U and P issued by US EPA as to either source or content. The EPA Research 
Department reported that millions of dollars of disposal costs are being saved with 
the recovery of ten million tons of non-hazardous molding sand every year. The non-
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hazardous waste definition of the molding sand in this report was accepted by 
regulations and lists. For those regulations are being continuously revised and 
improved. 
Although it is not a hazardous waste, due to both its amounts and the difficulty in 
removing it, it should not be assessed as a conventional solid waste either. 
The most appropriate management options for the waste are reuse such as bricking, 
blocking, solidification with cement and agricultural soil improvement as well as 
removal such as burial in soil, use as a hydraulic barrier and pavement, road 
construction. 
For this waste which arises in amounts of 30 to 50 tons per day and is not hazardous, 
management practices such as controlled burial in soil in the facility area, filling in 
former mine pits and use in appropriate area rehabilitation, in addition to the options 
given above, are suggested to be planned within the industry ÇYS. 
 Paint Bath Bottom Residues 
Paint bath bottom residues are a waste of compound consistency. This waste is not 
suitable for extraction and toxicity testing by EPT method. 
It is categorized with codes Y6 and Y12 in Annex 5 to the Regulation, but their 
activity with A230 in Annex 3 is not listed in this category. It is proclaimed as a 
hazardous waste with codes T-Y0607, T-Y1203, T-Y1204 AND T-Y1207 in Annex 
6. 
In US EPA type F lists of hazardous wastes, it is proclaimed as a flammable waste 
with codes F003, F004 and F005 and as a hazardous waste, stating its toxic criteria. 
The most appropriate management option for this waste is controlled combustion due 
to its hazard criteria being flammability and combustibility and its content of 
halogen-free solvents. 
 Galvanization Bath Bottom Sludge 
Galvanization bath bottom sludge is a waste in sludge form. It is obvious that its 
hazard criteria are toxicity and corrosivity due to its content of high levels of heavy 
metal concentration and its low pH. The EPT extraction test cannot be conducted. 
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It is listed with the code Y17 in Annex 5 to the Regulation and the source A230 in 
Annex 3 and is proclaimed as a hazardous waste with codes T-Y1703, T-Y1704 in 
Annex 6.  
Although it is not seen in US EPA type F and K lists with one-to-one definition, it 
conforms to the waste codes F035, K002, K003, K004, K005, K006, K008, K046, 
K052, K064 in the list which gives the compounds of hazardous wastes, in terms of 
content. 
This waste can be bricked by neutralization, stabilization and solidification where it 
is produced and buried in a surface deposit. Another method is the removal of sludge 
water, neutralization of upper water, sending to the treatment plant, stabilization of 
the dewatered sludge cake and burial in soil. 
 Boron Oily Outputs 
Boron oily outputs are a waste in emulsion form. All oily emulsions are known as 
eco-toxic for aquatic life. EPT test cannot be conducted on this waste. 
They are categorized with codes Y8 and Y9 in Annex 5 to the Regulation but not 
listed with activity A230 in Annex 3 in this category. They are proclaimed as a 
hazardous waste with codes T-Y0803, T-Y0805, T-Y0901, T-Y0902, T-Y0903, T-
Y0905 in Annex 6. 
In US EPA type K lists, there are 5 wastes of known source between codes K048 and 
K052, all of which are identified with the toxic (T) hazard criterion. However, all of 
them are based on the petrol-refining source. 
The first option considerable for this waste is the recovery of oils. Depending on the 
amount, the one single removal method is controlled combustion or energy-recovery 
combustion on location or in hazardous waste areas. 
In addition to the conclusions and suggestions given above, this report has been 
prepared in the opinion that the present version of the “Hazardous Wastes Control 
Regulation” is inadequate in determining and in management alternatives for 
hazardous wastes originating from industries in particular, that this Regulation must 
me revised to incorporate new articles therein for the setting up of hazardous waste 
areas. 
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B. “Hazardous Wastes Overall Rating Value Determination System” 
Table 4.1 Application of the rating system to the waste samples 
Samples 
Waste 
Source 
Ee CPR ORV Determinations Remarks 
K+M+C 
Foundry, 
molding 
process 
0 0 50 NRW 
1. It is not a HW but it is a 
Non-Regular Waste 
2.Paint bath 
bottoms 
Foundry, dying 
process 
167 230 587,3 HW 
1. Ignitability and toxicity 
characteristics results Ee 
value 
2. High toxicity P value, 
high carcinogenic effect 
value and persistency 
(bioaccumulation) value 
results CPR value.   
3.Galvanizing 
bath bottoms 
Foundry, 
galvanizing 
process 
167 68,4 274 HW 
1. Corrosivity and toxicity 
characteristics results Ee 
value 
2. High toxicity P value 
results CPR value. 
4.Boron oils 
Foundry, 
thread-cutting 
and lubricating 
121 176,7 456 HW 
1. Toxicity characteristics 
results Ee value 
2. High toxicity P value, 
high carcinogenic effect 
value and persistency 
(bioaccumulation) value 
results CPR value.   
Although “K+M+C” wastes have no “Ee” and “CPR” values controlled by referred 
test methods, neither regular nor hazardous waste lists include these wastes. Thus, 
they are determined as non-regular waste. Foundry sand and metal slag may be 
landfilled in situ or on site if they are not reused in other facilities such as road 
construction. 
In paint bath bottom residues, hazard criteria are toxicity (T), which is caused by 
chromium, sulfide, organic and inorganic pigments and solvents concentrated in 
sludges. High LC50 values and toxic characteristics (TC) are determined by TCLP 
and EPT procedures, which are applied to both individual material and leachates. 
Concentrations of the materials such as chromium and copper increase the CPR 
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value. Direct solidification/stabilization or detoxification of the leachate before 
ultimate disposal can be recommended for these wastes. 
Galvanization bath waste in sludge form has high toxic and corrosive characteristics 
due to TCLP test method results and acidic pH (pH<2). The “Ee” values of these 
waste is 167, respectively and relatively increased “CPR” values cause higher 
“ORV” values. Controlling the corrosivity is a necessity and the ultimate disposal is 
recommended after detoxification. 
Boron oils outputs have low “Ee” but high “CPR” values because of its persistency 
and non-biodegradability. It can be assumed as flammable due to high calorific 
values of organic constituents. Thus, if floatation is not a proper treatment alternative 
or recovery of the oils is not possible, then incineration should be considered as a 
solution for its ultimate disposal. 
 
 
 
       
        
        
 
 
 
       
        
        
 
 
 
       
        
        
 
 
 
       
        
        
Foundry sand and metal slag may be 
land filled in situ or on site or can be 
reused in road construction. 
 
K+M+C 
Solid, combined waste of 
sand, core and metal slag 
lines. (364 tone/month) 
Controlled combustion due to its hazard 
criteria being flammability and 
combustibility and its content of 
halogen-free solvents.
Paint Bath 
Bottom 
Residue 
 
Compound consistency in 
sludge form (48 kg/month) 
Neutralization, stabilization and 
solidification where it is produced and 
buried in a surface deposit 
Galvanization  
Bath Bottom  
Sludge 
 
Waste in sludge form  
(200 kg/month) 
recovery of oils or controlled 
combustion or energy-recovery 
combustion on location or in hazardous 
waste areas 
 
Boron Oily 
Outputs 
 
Waste in emulsion form 
(8 tone/month) 
Figure 4.1 Waste management For Purposes Of Hazardous Wastes Overall Rating 
Value Determination System 
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